Introduction The conservative management of the primary obstructive megaureter (POM) is considered to be the optimal option in patients with an adequate ureteral drainage. However, in cases of clinically significant obstruction, massive hydroureteronephrosis, decline of renal function and breakthrough febrile urinary tract infection, the surgical intervention is recommended. At present an open surgery is the standard practice for the primary megaureter in children. Recently, less invasive alternatives have been reported. Objectives We aimed to perform the multi-institutional study to assess the effectiveness of the laparoscopic extravesical transverse ureteral reimplantation (LETUR) in children with megaureter. Study design This is a retrospective study of the results of the LETUR in seventy-six children with megaureter (78 ureters). There were 50 obstructive and 28 refluxing megaureters. The data was collected from four paediatric centers between 2011 and 2017. Results Of the 78 megaureters, in 31 (39.7%) anatomy was classified as complex, and included 15 ureteral duplications, 7 bladder diverticulums, 6 post-previous anti-reflux surgery, and 3 previously diverted ureters. Of the 78 ureters, 34 were tailored, and 44 ureters were reimplanted without tailoring. There were 8 (10.5%) postoperative complications. One patient demonstrated temporary ureteral obstruction. Overall radiographic success rate (no obstruction, no VUR) was seen in 69 of the 78 (88.5%) ureters that were studied. Neither type of reimplantation (tailored or non-tailored), nor age of patients influenced the success rate of LETUR. Conclusion We believe that the laparoscopic extravesical transverse ureteral reimplantation is a safe and feasible option when the ureteral reimplantation is indicated.
Introduction
While the optimal management of the megaureter remains controversial, certain cases require surgical intervention to prevent long-term kidney damage. When surgery is indicated, open ureteral reimplantation is the gold standard for the primary megaureter.
Currently, less invasive alternatives have been proposed for both obstructive and refluxing megaureter. Laparoscopic and robotic ureteral reimplantation in children with vesico-ureteral reflux (VUR) is gaining popularity due to their success comparable to an open surgery [1, 2] . Nevertheless, paediatric laparoscopic ureteral reimplantation for megaureter has not yet been widely reported. To our knowledge, laparoscopic dismembered extravesical ureteric reimplantation has been reported only in a limited series of 1 3 paediatric patients with a primary obstructive megaureter (POM) using Lich-Gregoir technique [3] [4] [5] [6] [7] [8] [9] .
Commonly, extracorporeal or intracorporeal ureteral tailoring is utilized. Despite the fact that laparoscopic approach showed promising results in small cohort of children with megaureter, laparoscopic reimplantation has not been widely reported. This may be due to the procedure's complexity even in the most experienced laparoscopic surgeon's hands. In particular, there exists a challenge of the dilated ureter tailoring and reimplantation. We aimed to perform the multi-institutional study to assess the effectiveness of the laparoscopic extravesical transverse ureteral reimplantation (LETUR) in children with megaureter.
Materials and methods
Seventy-six children (78 ureters) who underwent laparoscopic extravesical transverse ureteral reimplantation for megaureter in four paediatric centers between 2011 and 2017 were enrolled in the study cohort. Procedures were performed by urologists with previous experience with laparoscopic extravesical ureteral reimplantation for VUR according to the Lich-Gregoir technique. Patient characteristics is summarized in Table 1 .
The pre-operative investigation protocol in all patients with megaureter included laboratory tests, ultrasound scanning, voiding cystourethrography and diuretic renography. In 42 patients MRI urography was performed to delineate the urinary tract anatomy. All children had urethra-cystoscopy immediately prior to the surgery.
The severity of hydroureteronephrosis was graded by the ultrasonographic measurement of the renal pelvis anteroposterior diameter (APD) and the distal ureteral diameter. Megaureter was graded according to the Pfister-Hendren classification [10] . Inclusion criteria were obstructive or refluxing megaureter with distal ureteral diameter > 7 mm. Anatomy was classified as complex if ureters: (1) had previous anti-reflux surgery or ureterocutaneostomy and (2) associated ureteral duplication or paraureteral diverticulum. The kidney function was assessed with nuclear medicine studies in unilateral megaureter, and serum creatinine in bilateral or solitary kidney.
The surgical indication in 19 of 30 patients with POM under 1-year was clinically significant obstruction (rising diuretic renogram curve, distal ureter diameter ≥ 20 mm, tortuous ureter and grade III hydronephrosis) including breakthrough UTI and urosepsis in 4 patients. In eleven patients of this age group indications for reimplantation were: an ectopic ureter with urinary incontinence in seven, coexisted PUJ and UVJ obstruction in two, a combination of grade V VUR and VUJ obstruction in one, and obstructive megaureter of single kidney in one patient. In patients over 1 year, indications for surgery in 10 cases of POM included progress of hydroureteronephrosis, with deteriorating on MAG3 and breakthrough UTI in spite of continues antibiotic prophylaxis during of 16.1 ± 5.2 months of conservative management. Others 36 patients were operated due to refluxing megaureter (18) , megaureter of duplex kidney (8), 6 after failed open reimplantation and 3 after ureterocutaneostomy. Of patients with VUR, seven had a combination of a diverticulum and six had a combination VUR and vesico-ureteral (25) junction obstruction. The operative time was recorded from the time of the skin incision to the time of skin closure. The follow-up was performed per institution's protocol and the majority of patients underwent postoperative renal-bladder ultrasound at 1, 3 and 6-12 months after operation, and voiding cystourethrogram (VCUG) 3 months after the surgery. At least one MAG3 diuretic renography was performed 6 months after the procedure. The clinical success was defined as the absence of the postoperative febrile urinary tract infection. The radiographic success was defined as a resolution or improvement in the hydroureteronephrosis, a negative postoperative cystogram, preserved or improved differential renal function, and the absence of the obstruction on functional assessment diuretic renogram. Complications were classified using the Clavien-Dindo scale.
Our data were statistically analyzed using SPSS Statistics 23 software (IBM, Armonk, NY, USA), with p < 0.05 representing statistical significance. The descriptive statistics was calculated for all continues variables and included: means and standard deviations. The statistical significance of categorical variables was determined by the logistic regression analysis, whereas the significance of continuous variables with normal distribution was determined by a two-tailed t test. Risk factors for surgical failure were analyzed by a logistic regression and the odds ratio, 95% confidence interval, and p value were determined for each factor.
Results
Demographic data are presented in Table 1 . Mean patients age at surgery was 31.2 months (range 2-144), including 13 (17.1%) infants under 6 months of age. In sixty cases (79%), a megaureter was detected prenatally.
Seven patients (8 ureters) with urosepsis underwent temporary urinary diversion before reimplantation (percutaneous nephrostomy in 3 and ureterocutaneostomy in 5).
All surgeons utilized a laparoscopic dismembered extravesical reimplantation with transverse oriented submucosal tunnel ( Fig. 1 ) as previously described [11] . The detrusor tunnel length was estimated by the surgeon using a known diameter of an instrument ( Fig. 1 ). Mobilization and tailoring were performed only on the distal portion of the ureters to be reimplanted. In two patients with bilateral megaureter and one with refluxing megaureter bilateral reimplantation with a common submucosal tunnel was performed. In cases of the bladder diverticulum, detrusorrhaphy was carried out after the diverticulum was adequately mobilized, excised, and the defect in the bladder wall was sutured. In children with concurrent ureteropelvic junction obstruction, the ureteral reimplantation was performed 1-3 months after the laparoscopic pyeloplasty.
Of the 78 ureters, 34 were tailored and 44 ureters were reimplanted without tailoring. Ureteral tailoring was more likely to be used in an obstructive megaureter (OR = 2.7, 95% CI 1.01-7.29, p = 0.049). Decision for tailoring was made by the operating surgeon after excising distal ureteric segment and estimating tunnel length-to-ureter diameter ratio (figure). 12 of the tailored ureters (35.3%) was plicated using the Starr technique. In 8 cases, extracorporeal tailoring was utilized. Despite the larger mean ureteral diameter in tailored group (19.1 ± 3.8 mm vs. 17.8 ± 3.6 mm), the difference was not statistically significant (p = 0.16). There was no significant difference in the rate of tailoring between the cohorts of patients under 12 months of age or over 12 months (Table 2 ). In 15 cases of ureteral duplication, three patients who had obstructive megaureter of the upper pole and concomitant ureterovesical reflux to the lower pole underwent reimplantation en-block without ureteral tailoring. In 12 patients with ectopic ureters of the duplex system, reimplantation was performed as a separate entity, in 5 (41.7%) of them ureteral tailoring was used. In 17 cases, the reimplantation was accompanied by psoas-hitch procedure of which 13 children were under 12 months of age. Out of those, four children previously undergone an open unsuccessful reimplantation, and three had ureterocutaneostomy. All of them had insufficient ureteral length for performing ureterovesical anastomosis without tension. In 31 of the 78, (39.7%) reimplanted ureters, no double-J stent was used. Irrespective of patient's age, the double-J stent was more likely to be placed when non-tailored reimplantation was used (OR = 0.23, 95% CI 0.09-0.61, p = 0.003). The stent was left in place for 3 weeks. There was no statistical difference in the rate of ureteral tailoring and stenting in infants and older children ( Table 2 ).
Surgical outcome
LETUR was completed successfully in all patients without conversion. There were no major intraoperative complications. The mean operative time was 145.5 ± 54.2 min (range 70-300 min). The tailored reimplantation was associated with longer operative times compared to the non-tailored reimplantation (156.2 ± 47.8 vs. 127.2 ± 39.4, p = 0.009). There were 8 (10.5%) postoperative complications, consisting primarily of grade II complications. Six out of 47 patients (12.8%), who were stented developed a febrile UTI within 21 days after reimplantation. On the univariate analysis, stented reimplantation was associated with an increased risk of UTI (OR 0.48, 95% CI 0.37-0.63, p = 0.026). One patient (1.3%) who underwent excisional ureteral tailoring for the obstructive megaureter of the solitary kidney demonstrated temporary ureteral obstruction after removal of the stent (grade III complication). The obstruction was addressed with a temporary nephrostomy tube placement. There were no patients with urinary leakage or de novo voiding dysfunction.
Overall radiographic success rate (no obstruction, no VUR) was seen in 69 out of 78 (88.5%) ureters that were studied. In 76 ureters (97.4%) the diameter of the distal ureter was reduced. In unilateral non-duplicated ureters, MAG3 showed renal function stabilization or improvement with a non-obstructive renographic curve pattern in 98.4% of renal units (Table 3 ). In all cases of the megaureter of the duplicated kidney MAG3 showed preservation of renal moieties. Success rate was 88.2% in the tailored group, and 88.6% in the non-tailored group.
Of the 50 ureters with the ureterovesical junction obstruction in 37 (74%) of renal units hydronephrosis had resolved, and in 11 (22%) improved. The renal function was stabilized or improved in 49 (98%) of renal units and there was no UTI for 1 year of follow-up. The postoperative hydroureteronephrosis persisted in 2 (4%) of renal units. One infant who underwent an extracorporeal ureteral tailoring developed the stricture of the neo-orifice within 2 months after surgery, and therefore, an endoureterotomy was performed. The patient showed resolution of the hydroureteronephrosis within 12 months of the follow-up.
One infant with initially low scintigraphic renal function (12%) underwent stented reimplantation without tailoring. Postoperatively, hydronephrosis worsened with a loss of kidney function, probably due to restenosis of the neoureterovesical junction. Subsequently, the patient underwent laparoscopic nephroureterectomy.
Postoperative asymptomatic low grade VUR was determined in 5 (10%) ureters and these patients are currently being observed.
Of the 28 refluxing megaureters, the radiographic success rate (no obstruction, no VUR) was seen in 26 ureters (92.9%). Two patients demonstrated downgrading of the VUR-one of them developed a febrile UTI and later underwent a Dextranomer/Hyaluronic Acid Copolymer endoscopic injection with an uneventful course in a mediumterm follow-up. Table 4 presents surgical outcomes stratified by the risk factors and type of the reimplantation. With regards to radiographic results, the surgical success rate of LETUR was 43.7 ± 20.8 9.4 ± 5.4 p = 0.000 p = 0.1 p = 0.000 p = 0.001 higher for refluxing megaureter (92.9%) than for obstructive megaureter (88.5%), but the difference was not statistically significant (p = 0.48). Neither the type of reimplantation (tailored or non-tailored), nor the age of patients had influenced the success rate of LETUR.
To evaluate the effectiveness of LETUR, the success rate of LETUR was compared to a previous experience of the open reimplantation for POM in 51 patients. To compare homogeneous groups, we compared results of the reimplantation in patients with POM. Overall radiographic success rate (no obstruction, no VUR) was seen in 46 out of 51 (88.5%) ureters that were underwent open reimplantation vs. 26 out of 29 (89.7%) ureters which were reimplanted with LETUR. There was no statistically significant difference between two groups (p = 0.67, CI 0.2-3.4)
Discussion
The management of the primary megaureter has evolved over the years to an initial conservative approach, which entails the clinical and radiographic evaluation with antibiotic prophylaxis. Indications for surgery are deemed to be: (1) an initial renal function < 40%, especially when associated with massive hydroureteronephrosis, (2) breakthrough febrile UTIs, (3) persistent pain, (4) worsening dilatation and failure of conservative treatment [12] [13] [14] . The procedure of choice for the majority cases of megaureter involves excision of the distal ureteral segment, reduction of diameter dilated ureter, and ureteral reimplantation into the bladder in an anti-reflux fashion. Based on Paquin's study [15] , the standard surgery of the megaureter involves reduction of the caliber of a dilated ureter to create a 5:1 ratio of the length of the submucosal tunnel to the diameter of the ureter. Complications of the reimplantation of the primary megaureter include the development of ureteral obstruction (2-5%) or VUR (10%), making it somewhat less successful than the standard ureteroneocystostomy for the primary VUR [12, 16] .
With the open reimplantation of the ureter, both as an extravesical and intravesical procedures are used with approximately equal success rates. DeFoor et al. [16] compared the surgical outcomes of both techniques to determine if extravesical detrusorrhaphy is an appropriate approach to the surgical repair of primary megaureter. While, the surgical success rate was higher for intravesical reimplantation (86% vs. 76%), the difference was not statistically significant. Only the presence of refluxing megaureter was an independent risk factor of failure.
Disadvantage of excisional tapering is the potential damage to the blood supply of the distal ureter. The experimental work of Bakker and associates [17] . showed better vascular preservation in the folding group than in the excisional tapering group on the model of primary obstructive megaureter. Therefore, the plication and folding methods of the ureteral wall as well as reimplantation without ureteral tapering were developed [18, 19] . McLorie et al. [20] have reported the modified extravesical technique for megaureter repair. Only 8 of the 26 ureters (14 obstructing and 12 refluxing ureters) were tapered. Comparative studies presented by Ben-Meir et al. [21] , and later by Jude et al. [22] support reimplantation without tailoring in a selected group of obstructed megaureters with a similar success rate to tailoring even in infants under 1 year of age.
Several series have documented the feasibility of minimally invasive procedure for the definitive repair of primary megaureter in children. Kutikov and others [23] reported results of vesicoscopic reimplantation in 5 patients with the primary obstructing megaureter. Ureteral strictures at the neo-ureterovesical anastomosis were observed in 1 patient with the obstructive megaureter after exisional tapering. Authors concluded that intravesical laparoscopic reimplantation is challenging in bladders with cystographic capacity less than 130 cc, especially when ureteral tapering is required. Jayanthi and Patel [24] have elected to use this technique only when tapering would not be necessary. They have revealed that the decreased working space in children under 2 years old does make the procedure more technically demanding and may obviate the advantages of vesicoscopic repair. In 2015, Kim et al. [25] reported laparoscopic intravesical detrusorrhaphy with ureteral plication in 11 patients with primary unilateral megaureter. Within the mean followup duration of 12.6 months, the improvement of the dilatation of the pelvicalyceal system and the ureters occurred in all patients. Liu et al. [26] has used modified Glenn-Anderson procedure with excisional ureteral tapering in cases of mildly dilated obstructive megaureter.
The transperitoneal approach provides a large operative space for reimplantation and does not limit the manipulation of the urinary bladder and ureter. In 2006, Ansari et al. [3] performed laparoscopic extravesical transperitoneal ureteral reimplantation in two young girls with megaureter. The authors have used the extraperitoneal ureteral tailoring. The ureteral reimplantation was performed in a submucosal tunnel which was oriented along the posterolateral part of the bladder. Nouralizadeh et al. [4] has performed the laparoscopic extravesical ureteral reimplantation in six patients, three of whom were children. In all cases, intracorporeal excisional ureteral tapering and modified Lich-Gregoir reimplantation in the anterolateral part of the bladder were used. Postoperatively, one patient developed grade II VUR. Joseph and Gundeti [5] have suggested anterior wall detrusorotomy to achieve straight direction of implanted ureter to prevent ureteral angulation. In the laparoscopic or robotic approach, some authors use intracorporeal excisional tailoring and reimplantation of the ureter in according to the classical Lich-Gregoire technique [5] [6] [7] . Lopez et al. [9] have used Hendren extracorporeal technique for tapering of megaureters in 7 pediatric patients. Subsequently, the ureter was reimplanted according to the Lich-Gregoir technique. Authors concluded that extracorporeal tapering is technically easier than the intracorporeal technique.
Landa-Juárez et al. [27] described a new method for a laparoscopic ureteral reimplantation without complete dismemberment for the megaureter when ureteral diameter does not exceed 11 mm. Authors used Lich-Gregoir reimplantation without ureteral tailoring.
In our series, 44 (56.4%) ureters were reimplanted without tailoring. Interestingly, that rate of VUR after reimplantation without tailoring was not different from that when ureteral tailoring was used. Surgeons who decided not to tailor ureters noted that the wall of the ureter folded inwards when the detrusor muscle was reapproximated (figure) which provides the ratio of the length of the submucosal tunnel to the diameter of the ureter at least as 4:1. Not surprisingly, cases undergoing tapering reimplantation required considerably longer operative times.
In 17 cases LETUR was completed using the psoas-hitch procedure. These were mainly infants and those patients, who had previously undergone the ureteral reimplantation or ureterocutaneostomy, and had insufficient ureteral length. The psoas-hitch procedure was used to relieve tension on the anastomosis and prevent shortening of the submucosal tunnel.
In our series, 10.5% of patients presented with postoperative complications, consisting primarily stent associated UTI, which is comparable with the literature data [20, 28] . In our series, none of the patients experienced postoperative voiding dysfunction.
The most significant complication associated with LETUR is the ureteral obstruction. The obstruction of the reimplanted ureter can be caused by devascularization during extensive mobilization of the ureter. Another reason for the obstruction is "the high reimplant syndrome" due to placing the neohiatus too cephalolateral on the mobile part of the bladder, resulting in the ureteral angulation with bladder filling [29] . As with the intravesical cross-trigonal reimplantation, the transverse direction of the extravesical tunnel does not cause sharp ureteral angulation.
In our series two infants developed ureteral obstruction. One of them underwent an extracorporeal ureteral tailoring and developed the stricture of the neo-orifice. In our opinion, the obstruction was the result of the ischemic damage after extensive mobilization and dissection of the ureter. Hiatal obstruction occurred in another infant after a non-tailored reimplantation, possibly as a result of too tight closure of the detrusor defect.
At the medium-term follow-up, 7 patients had low grade VUR (9%), one of them presented with febrile UTI and underwent a Dextranomer/Hyaluronic Acid Copolymer endoscopic injection with an uneventful course.
In conclusion, our study shows that the laparoscopic extravesical transverse ureteral reimplantation is an effective procedure, with the success rate comparable to an open surgery. The study is limited by its nonrandomized nature and the heterogeneity in the ureteral pathology. Despite these limitations, we present to date the largest series of patients undergoing laparoscopic extravesical transverse ureteral reimplantation. The variability of the study samples makes its findings generalizable for the general population and various surgeons considering the possibility of using this approach.
We consider laparoscopic extravesical transverse ureteral reimplantation safe and feasible option when the ureteral reimplantation is indicated; nevertheless, larger randomized prospective trials and long-term follow-up are required to validate this technique.
